Ultrasound-assisted solvent extraction (UASE) combined with dispersive liquid-liquid microextraction based on the solidification of floating organic drop (DLLME-SFO) has been developed for extraction and determination of fenvalerate from tomato samples. Fenvalerate was determined by high-performance liquid-liquid chromatographyultraviolet detector. Effects of parameters such as type and volume of extraction solvent in the UASE stage, sonication time, type and volume of extraction solvent and disperser solvent in the DLLME-SFO stage, salt addition and pH effect on extraction were studied and optimized. Under the optimum conditions, the calibration graph was linear in the range of 5-500 mg kg 21 with a detection limit of 0.6 mg kg
Introduction
In recent years, pyrethroids have widely been used as a new type of pesticide to control pests in agriculture, households, public health, forestry, horticulture and veterinary medicine because of their selective insecticidal activity, rapid biotransformation and excretion by the mammalian catabolic system and their nonpersistence in the environment (1) . The synthetic pyrethroids can cause serious health effects, such as paresthesia, headache, dizziness, nausea and skin irritation, to humans (2) . Fenvalerate is a member of the pyrethroid family and has been classified as a human carcinogen and most widely used pesticide because of its excellent insecticidal properties (3) . For this purpose, fenvalerate has a high range of use in Iran, particularly in Kermanshah province. The European Union regulation has recently set up (established) a maximum residue limit of 0.02 mg kg 21 of fenvalerate in vegetables.
A variety of analytical approaches have been proposed for the trace-level analysis of fenvalerate in different samples such as gas chromatography (GC) (4-6), high-performance liquid chromatography (HPLC) (7, 8) , thin-layer chromatography (9, 10), gas -liquid chromatography (11, 12) and enzyme immunoassays (13, 14) , among which HPLC and capillary GC being of more practical interest. HPLC is the most common method used for the determination of fenvalerate, because it can be coupled with the variety of detectors. Sample preparation plays an important role in a whole analytical process to concentrate the target analytes and to decrease the interferences from a sample matrix. Several pretreatment methods such as solid-phase extraction (SPE) (15) , liquid-liquid extraction (LLE) (16) , solid-phase microextraction (SPME) (17) , stir bar sorptive extraction (SBSE) (18) and single-drop microextraction (SDME) (19) have been developed for analysis of pyrethroid residues. However, the methods mentioned above had some drawbacks. SPE and LLE are time consuming and expensive, whereas the LLE method is expensive and requires large amount of potentially toxic solvents. SPME is expensive and its fiber is fragile and has a limited lifetime; sample carryover is also a problem. SBSE is also time consuming and, in most cases, equilibrium could not be attained after a long time. SDME suffers from some drawbacks: fast stirring may break up the organic solvent drop, air bubble formation, time consuming and, in most cases, equilibrium is not attained even after a long time.
In recent years, Assadi and coworkers demonstrated a novel microextraction method called dispersive liquid-liquid microextraction (DLLME) (20) . DLLME is based on the ternary component solvent system (aqueous sample, dispersive solvent and extraction solvent). In this method, an appropriate mixture of extraction solvent (organic solvent) and dispersive solvent (water-organic miscible solvent) is rapidly injected into the aqueous sample by a syringe; thereby, a cloudy solution is formed. After centrifugation, the analytes are separated into organic phase (extraction solvent). The advantages of DLLME are the usage of a small volume of organic solvents, ease of operation, rapidity, low cost, high recovery and high enrichment factor (EF). Up to now, DLLME has been successfully applied to the determination of organic and inorganic species in different matrices (21) (22) (23) (24) (25) .
In conventional DLLME, the density of extraction solvent should be higher than water; the applications of DLLME, in most cases, were limited for water samples and the volume of the sedimented phase, in some cases, was dependent on the surrounding temperature. In addition, high-density extraction solvents, being mostly halogenated, are generally hazardous to laboratory personnel and the environment. Recently, less toxic solvents, such as alcohols, alkanes, etc., with density lighter than water are collected on the upper surface of the sample solution as a microdrop or a thin film after centrifuging. Removal and determination of the collected phase volume are not as simple as that of high-density extraction solvents. Different techniques such as using a capillary tube (26) or specialized extraction vessel (27) were reported for the removal of lighter extraction solvents. However, the complete removal of the collected phase is difficult or impossible in most of the cases. A novel DLLME method based on the SFO (DLLME-SFO) was introduced by Leong and Huang (28) . In DLLME-SFO, the extraction solvent after DLLME was collected in the top of the test tube and was then cooled by inserting it into an ice bath for 5 min. The solidified extraction solvent was transferred into a suitable vial and immediately melted at room temperature; then it was finally injected into a suitable instrument. The performance of DLLME-SFO was illustrated by extraction of different organic and inorganic compounds (29) (30) (31) (32) from different matrices.
Ultrasound-assisted solvent extraction (UASE) is considered a good alternative for organic compound extraction from different matrices, which provides a more efficient contact between the solid and the solvent. The aim of the work is to use the combination of UASE and DLLME-SFO as a sample-preparation method for HPLC. Fenvalerate was chosen as a model analyte to investigate the feasibility of the improved UASE-DLLME-SFO technique. The practical applicability of the method was investigated for the extraction and determination of fenvalerate in tomato samples.
Experimental

Reagents and standards
Fenvalerate standard was purchased from Dr. Ehrenstorfer GmbH (Augsburg, Germany). The ultrapure water used was purified on a model Aqua Max-Ultra Youngling Ultra-Pure water purification system (Dongan-gu, South Korea). Acetone, acetonitrile and methanol were used as dispersive solvents. Hydrochloric acid, acetic acid and sodium chloride were obtained from Merck (Darmstadt, Germany). Analytical grade 1-decanol, 1-dodecanol and 1-undecanol used as extraction solvents were obtained from Merck (Darmstadt, Germany). Stock standard solution of fenvalerate was prepared in methanol (5.0 mL), with a concentration of 1000 mg L 21 , and was stored in a freezer at 2208C. The working solutions were prepared daily by appropriate dilution of the stock standard solution.
Fresh tomato samples were collected from different five fields from Miandarband and Ravansar regions (province of Kermanshah, Iran).
Instrumentation
The analysis of fenvalerate was performed by an HPLC Knauer with Chromgate software version 3.1 equipped with a binary pump, Smartline-1000-1 or Smartline-1000-2, and a detector, Smartline-UV-2500 variable wavelength programmable (Berlin, Germany), an online solvent vacuum degasser and a manual sample injector fitted with a 20-mL injection loop (model 7725i, Rheodyne, Cotati, CA, USA). Analysis of fenvalerate was carried out on an H5-ODS C 18 column (15 cm Â 4.6 mm, with 5 mm particle size) from Anachem (Luton, UK). A mixture of water and acetonitrile (20:80) at a flow rate of 1.0 mL min 21 was used as a mobile phase in an isocratic elution mode and fenvalerate was detected at 225 nm. A Hettich Zentrifugen (EBA20, Tuttlingen, Germany) was used for centrifuging.
UASE -DLLME-SFO procedure For UASE-DLLME-SFO, a representative portion of tomato sample was homogenized by a mixer and portions (1.00 g) of the homogenized sample spiked or not with fenvalerate was exactly weighted into a 10-mL screw cap centrifuge tube. Five milliliters of acetone (as extraction solvent in the UASE stage) were added and extracted in an ultrasonic bath for 30 min at room temperature. After this step, 150.0 mL of 1-undecanol, which is a microextraction solvent in the DLLME stage, was added to the centrifuge tube and then gently shaken for several seconds. Procedure followed by centrifugation of mixture at 4000 rpm for 2 min and DLLME was performed by rapid injection of 1.00 mL of this mixture into a 5.00 mL ultrapure water containing 0.01 g NaCl which was placed in a 10-mL screw cap glass test tube using a 1.00-mL syringe (gastight, Hamilton, Nevada, USA). In this step, fenvalerate in acetone was extracted into the fine droplets of 1-undecanol within few seconds. The mixture was then centrifuged for 4 min at 4000 rpm. After centrifugation, due to difference in density between the aqueous phase and organic solvent, fine droplets of organic solvent float at the top of the test tube. The test tube was then transferred to a beaker containing crushed ice for cooling. After 5 min, the extraction solvent was solidified and then transferred to a conical vial, where it melts quickly at room temperature. The extractant was injected into an HPLC for analysis.
Calculations of EF, extraction recovery and relative recovery EF was defined as the ratio between the concentration of an analyte in the floated phase (C floated ) and the initial concentration of the analyte (C 0 ) within the sample.
The extraction recovery (ER%) was defined as the ratio between the amount of an analyte in the floating phase (n floated ) and the initial amount of the analyte (n 0 ) within the sample.
where V floated and V sample are the volumes of the floating phase and sample, respectively. The relative recovery (RR%) was obtained from the following equation:
where C found , C real and C added are the total concentration of an analyte after addition of a known amount of standard in real sample, the original concentration of the analyte in real sample and the concentration of a known amount of standard that was spiked to the real sample, respectively.
Results
In the present work, UASE-DLLME-SFO combined with HPLC -UV was used for simultaneous preconcentration and determination of fenvalerate in tomato samples. In this new combination, to reach a high extraction recovery and EF, the UASE and DLLME conditions must be examined and optimized. Some effective parameters such as sonication time, extraction solvent in the UASE stage, extraction and disperser solvent type and their volume in the DLLME stage, salt addition and effect of pH were studied.
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Optimization of UASE parameters
Optimization of sonication time Our attempts were primarily centered on optimizing sonication time under extraction conditions. To investigate the effect of sonication time on extraction recovery, additional experiments were performed using different sonication times, from 5 to 40 min. An ultrasonic device with fixed power of 350 W was used. When the sonication time increased from 5 to 30 min, the recovery of fenvalerate was increased due to mass transfer of analyte from cellular material to acetone by diffusion and osmosis (33) . However, the extraction efficiency had no noticeable enhancement when the sonication time increasing from 30 to 40 min. Thus, 30 min was selected as the optimum sonication time.
Selection of extractant solvents in the UASE stage When combining UASE with DLLME, the extracting solvent in the UASE stage must also play the role of the disperser solvent at the DLLME stage. For this purpose, acetone, acetonitrile and methanol were selected as the extracting solvents in the UASE stage (33) . The effect of different solvents on the extraction recovery of fenvalerate is shown in Figure 1 . As shown Figure 1 , the best extraction recovery was obtained when using acetone as the extraction solvent in the UASE stage. Therefore, acetone was selected as the extraction solvent in further experiments.
Optimization of DLLME parameters
Type of the extraction solvent and ratio of solvent to material The extracting solvent in the DLLME stage must have low volatility, low water solubility, high solubility in dispersive solvent, capable of forming cloudy solution in water in the presence of dispersive solvent, a melting point close to room temperature (in the range of 10 -308C), no interference with the analytical techniques used for the determination of an analyte and density lower than water. Several extracting solvents, including 1-decanol, 1-dodecanol and 1-undecanol, were tested to determine the best extraction solvent in the DLLME stage. Some characteristics of the extraction solvents and disperser solvents are shown in Table I . The recovery of fenvalerate using different extraction solvents is shown in Figure 2 . According to the results shown in Figure 2 , recovery of fenvalerate in the presence of 1-undecanol is higher than the other tested solvents. Therefore, 1-undecanol was chosen for further experiments. The volume of 1-undecanol was also an important factor for the extraction of fenvalerate. To investigate the effect of extraction solvent volume on recovery, additional experiments were performed by using different volumes of 1-undecanol (30.0, 40.0, 50.0, 60.0 and 70.0 mL). The volume of the floating phase increases with the increase in extraction solvent volume; however, the analyte becomes diluted as a result of the increase in the volume of the floating phase and EF decreases (Figure 3) . Although the use of lower volumes of extraction solvent might lead to higher EF, it was not easy to handle extracts with volumes ,30.0 mL. Therefore, 30.0 mL was selected as the extraction solvent volume.
Types of the disperser solvents and their volume
When combining UASE with DLLME-SFO, the extraction solvent used in the UASE stage must also play the role of the disperser solvent at the DLLME stage. Therefore, acetone, acetonitrile and methanol were selected for this purpose. According to Selection of extractant solvents in the UASE stage section, acetone was selected as the disperser solvent. Figure 1 . Effect of type of extraction solvent in the UASE stage on the recovery of fenvalerate from tomato samples. Extraction conditions: sonication time, 30 min; volume of extraction solvent in the UASE step, 5 mL; sample amount, 1.0 g; extraction solvent in the DLLME step and its volume, 1-undecanol, 30 mL; volume of disperser solvent (acetone), 1000 mL; sedimented phase volume, 25 + 1 mL; room temperature; concentration of fenvalerate 100.0 mg kg
21
; all experiments were performed in triplicates (n ¼ 3). Figure 2 . Effect of type of extraction solvent in the DLLME stage on the recovery of fenvalerate from tomato samples. Extraction conditions: as in Figure 1 except for the type of extraction solvent in the UASE stage, acetone.
For obtaining optimized volume of acetone, experiment was repeated using different volumes of acetone (250, 500, 1000, 1500 and 2000 mL), containing different volumes of 1-undecanol to obtain the constant volume of the floated phase (25 + 1 mL) in all experiments. In agreement with the respective results (Figure 4) , the extraction efficiency initially increases, afterwards it reduces as the acetone volume increases. This observation could be attributed to the fact that at lower acetone volume, the cloudy suspension of the 1-undecanol droplets was not formed well, resulting in a decrease in the extraction recovery. At higher acetone volume, the solubility of fenvalerate in water increased and the extraction efficiency reduced. Therefore, 1000 mL of acetone was selected as the optimum volume for the disperser solvent.
Effect of extraction time and ionic strength
In DLLME-SFO, extraction time is defined as interval between injecting the mixture of disperser solvent and extraction solvent, before starting to centrifuge. The extraction time is an important factor that may affect the analytes' extraction efficiency from aqueous phase into the organic phase. Thus, the variation in extraction efficiency of fenvalerate as a function of extraction time was studied in the range of 0-20 min. The resulting data show that the extraction time has no significant effect on the extraction efficiency for the target analyte. It was found that, after the formation of the cloudy solution, the contact area between the extraction solvent and the aqueous phase was considerably large, delineating why the extraction equilibrium could be established very fast.
For investigating the influence of the ionic strength on the DLLME-SFO performance, several experiments were performed by adding varying the concentration of NaCl, from 0 to 5% (w/v). The results demonstrated an improvement in the formation of floated drop and extraction efficiency for fenvalerate up to 1% (w/v). Increasing the concentration of NaCl .1% (w/v) causes a small decrease in the efficiency. Therefore, 1% NaCl (w/v) was used in further experiments.
Figures of merit of the proposed method
The analytical figures of merits of the proposed method were investigated under the optimized experimental conditions. Calibration curves were obtained under the optimized conditions with a linear dynamic range of 5-500 mg kg 21 and a correlation coefficient (r 2 ) of 0.9986. The extraction recovery of the method was 55.2%, at the concentration level of 100 mg kg 21 of fenvalerate. The RSD (n ¼ 5) at the concentration level of 100 mg kg 21 was 6.5%. The limit of detection (LOD) based on the signal-to-noise ratio (S/N) of 3 was 0.6 mg kg 21 .
Determination of fenvalerate in field samples
To validate the proposed method, field tomato samples obtained from Miandarband and Ravansar regions (province of Kermanshah, Iran), which was treated with fenvalerate, were analyzed following the UASE-DLLME-SFO procedure in triplicates. The results showed that the analyzed samples were free of fenvalerate contamination. These samples were spiked with the standard of fenvalerate at different concentration levels to assess matrix effects. Figure 5 shows the obtained chromatograms of tomato sample (A) and spiked tomato sample at the concentration level of 50 mg kg 21 for fenvalerate (B). The results of relative recovery of tomato samples are shown in Table II . The data in Table II show that the relative recoveries of fenvalerate were in the range of 93.5 -108%, demonstrating that the tomato sample matrices had little effect on the UASE-DLLME-SFO method.
Comparison of UASE-DLLME-SFO with other extraction methods Characteristics of the proposed method have also been compared with other methods that were used for the preconcentration and determination of fenvalerate in different samples. Table III compares LOD, linear range (LR) and repeatability. UASE-DLLME-SFO has the shortest extraction time and lowest LOD. The LR of the UASE-DLLME-SFO method is better than other methods and the RSD of the proposed method is acceptable. Comparison of the other procedures with UASE-DLLME-SFO indicated that UASE-DLLME-SFO demonstrate lower LOD, very short extraction time and ease of operation. Also, in comparison with conventional DLLME, UASE-DLLME-SFO used lower toxicity solvents and shows slightly higher extraction recovery of fenvalerate in different samples. 
Discussion
This study explored the applicability of UASE-DLLME-SFO to determine the concentration of fenvalerate in tomato samples. The effects of several variables, including sonication time, extraction solvent in UASE stage, extraction and disperser solvent types and their volume in the DLLME stage, salt addition and effect of pH, were investigated and optimized to achieve high sensitivity of the proposed method. The UASE used for the extraction of compounds from semisolid and solid matrices was combined with DLLME (UASE -DLLME) as a sample preparation method for semisolid and solid samples. The UASE-DLLME-SFO method requires extraction solvents with lower toxicity instead of highly toxic solvents by conventional DLLME, and it provides high extraction recovery within a short time.
Under the optimized UASE -DLLME-SFO conditions, as shown in Figure 5 , the selected chromatographic conditions resulted in good chromatographic resolution. The RSD (n ¼ 5) at the concentration level of 100 mg kg 21 was 6.5% and the LOD based on the S/N of 3 was 0.6 mg kg 21 . Calibration curves were obtained under the optimized conditions with a linear dynamic range of 5 -500 mg kg 21 and a correlation coefficient (r 2 ) of 0.9986. The extraction recovery of the method was 55.2%, at the concentration level of 100 mg kg 21 of fenvalerate. The results given in Table II indicated that fenvalerate was not found in all of the tomato samples. These samples were spiked with the standard of fenvalerate at different concentration levels to assess matrix effects. The relative recovery values for the spiked samples were in the range of 93.5-108% and standard deviation (SD) was not higher than 7.5.
Conclusions
This article describes an UASE-DLLME-SFO method combined with HPLC-UV that is applied to the analysis of fenvalerate in tomato samples. The results of this study demonstrate that the proposed method provides acceptable recovery and repeatability values for fenvalerate from tomato samples. The proposed method is simple, effective and environmentally friendly for the separation and preconcentration of fenvalerate in vegetables. Additionally, it is a low-cost technique, because it uses small amounts of solvent and sample solution throughout the experiment. The method could be extended to other analytes and other types of fruit and vegetable samples. Figure 5 . Chromatograms of tomato sample (A) and spiked tomato sample at the concentration level of 50.0 mg kg 21 for fenvalerate (B) obtained by using UASE-DLLME-SFO combined with HPLC-UV. Extraction conditions: sonication time, 30 min; type of extraction solvent in UASE stage and its volume, acetone, 5 mL, respectively; sample amount, 1.00 g; extraction solvent in DLLME stage and its volume, 1-undecanol, 30 mL, respectively; volume of disperser solvent (acetone), 1000 mL; sedimented phase volume, 25 + 1 mL; room temperature; all experiments were performed in triplicates (n ¼ 3).
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